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Abstract 
The article presents the analysis results of the energy density formation regularities for the linear, tangentially and torsion dynamic 
deformations in solids. The article describes that the correct calculation of these deformations specific energy is essential to estimate 
their contribution to the reduction in the structural materials strength. It is shown that the Clapeyron formula canonical expression 
for energy density of the static deformations in the solid is not valid in the case of dynamic deformations. The article presents a 
refined expression for the specific energy calculating formula, which can be used to calculate the rate of structures depreciation. 
This formula takes into account all the components of the dynamic deformations tensor which are present in solid multimode 
dynamic loads. Such multimode loads are affected at impacts on structures.  
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1. Introduction 
Hard smooth controlled failures of structural members and systems, "object-based" are one of the serious problems 
affecting the safety of buildings in modern cities [1-4].  
Such processes are observed in construction materials with a weak manifestation of plasticity under the influence 
of long-term micro dynamics loads. 
The sources of these loads are highways and building technology, industrial equipment, creating multicycle 
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microdynamics impact on the foundations for construction projects.  
As a result multicyclic microdynamics impacts construction materials accumulate residual deformations which are 
the cause of the decrease of the reliability of building structures. 
The main problem of the simulation of smooth bounce is that the main reason of their origin and implementation 
of emergency situations are hidden microprocess accumulation of microdefects in the material of load-bearing 
structures which are difficult to predict the period of transition to a critical state.  
In such cases, the most effective are energy modeling techniques that allow developing correctly a 
phenomenological model of the process of reducing the reliability of building structures [5]. 
For microdynamics loads of the materials with a weak manifestation of the plasticity of the energy model must 
take into account all the modes of dynamic loads and their contribution to the accumulation of residual deformations. 
In this case the formula of Clapeyron can be applied 
However, the canonical expression of the Clapeyron formula for elastic deformations of a solid body has been used 
previously to calculate the specific elastic energy of static deformations [6].  
In this regard, it must be supplemented by components of the kinetic energy microdynamics deformations. Also, 
the upgraded formula of Clapeyron must contain all existing modes of oscillation of a rigid body.  
Each of these modes must be represented by a separate element of the sum, so this element should not depend on 
the intensity of the other modes of vibrations.  
In this case, we receive the possible application of the small parameter method for the energy consumption 
estimation and for the permanent deformation formation which can cause accelerated deterioration of the building 
structure.  
Along with this, the small amplitudes of oscillation of the process of cyclic deformation can be considered 
isothermal one. 
2. The modeling of the modal composition of the specific energy of elastic vibrations 
In each elementary volume of a solid body with a weak manifestation of plasticity in a cycle, for example, dynamic 
vibration, strains, there is a phenomenon of mechanical hysteresis, which is one of the reasons for the attenuation of 
the elastic wave.  
The cyclic energy dissipation of the plastic deformation obeys to the law: 
t
цпw be w
EZF  , (1) 
where F ,b,E  - respectively, compacting factor or softening solids, the initial hysteresis coefficient of absorption and 
the coefficient of reduction of hysteresis as it approaches the ultimate limit state (ultimate limit sealing or destruction). 
For the same reasons, we can conclude that during the isothermal process the significant part of the absorbed energy 
цпw   is expended only on the residual change in the shape or volume of the medium, for example, on its seal.  
At vibration low amplitudes the dynamic deformations excitation process can be considered isothermal and with 
great precision linear, and the attenuation coefficients of b and acquisitions β so small that only after 106 cycles of the 
oscillatory wave deformation residual deformation reaches requiring consideration of values.  
In the static theory of elasticity occurs in solid body static the stress-strain state it is distributed only as the specific 
potential energy of elastic deformations, which, by analogy with the Clapeyron formula, is given by: 
11 11 22 22 33 33 12 12 23 23 31 310,5( )w V H V H V H W J W J W J      . (2) 
In a tensor form (hereinafter, this expression will be called the Clapeyron formula for a rigid body or just the 
Clapeyron formula) the expression (2) can be represented in the following formula: 
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In the General case the solid body specific energy is equal to the sum of two components - static and dynamic: 
cт динw w w   . (4) 
Moreover wдин contains both elastic and kinetic components [3]: 
дин упр кинw w w  . (5) 
The elastic component wупр,  preserving the form of the submission will be replacing the static tensor component 
of the formula (3) dynamic: 
3 3 3
1 1 1
0,5 0,25упр ij ij ij ij
i j i j
i j j i
w V H W J
    z z
 ¦ ¦¦ , (6) 
where iiV , iiH , ijW , ijJ  - respectively, the current values of the tensor components of dynamic stress and strain; ˆ iiV
, iˆiH , iˆjW , iˆjJ -  respectively, the amplitude of the dynamic tensor components (in this case harmonic) of stress and 
strain. 
Dynamic elastic constants , EQ , G , which are determined by certified technical means and numerically, in the 
low-frequency or quasi-static approximation, in fact, equal to the static: 
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The identity dynamic and static elastic constants in the low-frequency case presented in formulas (7), (8), (9)  is 
confirmed by using the classical expressions of the velocities of propagation of low-frequency longitudinal, transverse 
and surface waves. 
However, the classical formula for calculating velocities and ratios between elastic constant does not retain the 
reliability in the dynamic case, for example, impact loads.  
The kinetic component of the energy density of microlipoinjection excitation of an isotropic elastic solid medium, 
for example, the principal axes of the stress tensor, can be represented in tensor form: 
3 3 3
2 2 2
1 1 1
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   z z
 ¦ ¦¦ ,   (10) 
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where ro, , ,i ijuU J – respectively unit of measurement, the density of the medium, the components of the tensors of 
dynamic displacement and strain pure shear or torsion. 
 As a result of the conversions for the total energy density of microlipoinjection excitation environment get 
3 3 3 3 3 3
2 2 2
1 1 1 1 1 1
1 1 1 1
2 4 2 24ij ij ij ij i o iji j i j i i j
i j j i i j j i
w u rV H W J U U J
       z z z z
   ¦ ¦¦ ¦ ¦¦ .  (11) 
3. Modeling of the residual deformations accumulation process 
Using a modernized Clapeyron equation (11), the specific potential energy absorption can be represented by the 
following expression: 
t
цпw be w
EZF  . (12) 
Considering the difference of attenuation coefficients for longitudinal and transverse waves, equation conditional 
equivalence for the components of absorption at time t, or N=f•t wave cycles of oscillations at frequency f, the energy 
of the residual deformation can be represented as expressions: 
3 3 3
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where Fр , Fs – respectively the coefficients of the proportion in relative units, the proportion of energy absorption, 
longitudinal and transverse dynamic stress spent on weakening (e.g., for concrete and rocks), or seal (e.g., elasto-base 
soil) or deformation. When isothermal dynamic loading these coefficients can reach 1.  
Using a similar method and replacing the modulus of elasticity сij on modulus sij, and given the condition β<<b 
(for example, in the absence of sediment stabilization) equation of equivalence for each tensor component of the 
deformation takes the form: 
     2 2 2г г г гij ij ij ij ij ij p ij ij ij ij ii j i ji j i jс s s b tf uV H H V F V H U      #  ,   (15) 
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, (16) 
where 1
ij
ij
s
c
 - is the loss modulus. 
Whence, substituting the expressions in parentheses in equations (15) and (16) the value of energy density of 
residual deformations of the corresponding oscillation modes, get 
2гij p ij ij iji j i js b tfwH F  # , (17) 
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2гij s ij ij iji j i js b tfwJ Fz z# . (18) 
Thus modernized Clapeyron equation for the total specific energy of all the modes of the dynamic deformations of 
a solid body allows obtaining equations for the design calculations of resource exploitation materials of building 
construction [5-10]. 
4. Conclusion 
According to the results in the present paper:  the theoretical modeling of the modal composition of the energy 
density of the dynamic loads and residual information, we can draw the following conclusions. 
The inclusion in the Clapeyron equation of the dynamic component of energy density for all modes of oscillations 
allows us to obtain a system of phenomenological equations of solids dynamic deformation. This system retains 
correct when microdynamics loads solids and when the deformation process can be considered isothermal and with 
high precision linear. 
Under such loads you can use the method of a small parameter for processes modeling of residual deformations 
formation and accumulation in structural members. 
The above equations have a certain versatility and can be applied for quasi-static cyclic loading and long-term or 
short-term dynamic loads in a wide band of frequencies.  
A necessary condition for the correctness of these equations is required for their formation in the main axes of the 
tensor of stress-strain state. 
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